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Abstract Growth of titanium oxide (TiO2) nanoparticles of varying size, ranging from 20–60 nms through
a versatile and an economic route, is being reported. The approach is based on a simple reaction of titanium
powder and De-Ionized (DI) water at ∼180 °C, without use of any harmful additives. Field Emission
Scanning Electron Microscopy (FESEM) reveals the well defined morphology of nanoparticles, whereas
X-ray Diffraction (XRD) studies reveal that the, as prepared, nanoparticles are in a mixed phase, with a
dominance of a stable rutile phase. Since only water, which is regarded as a benign solvent, is used during
the preparation of nanoparticles, we believe that the products so produced are biocompatible and bio-safe
and can be readily used for medical applications. The biocompatibility tests are yet to be carried out and
shall be reported in forthcoming publications.
© 2011 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Titanium oxide (TiO2) has many applications in the fields
of sensors, new types of solar cells, electrochromic devices,
antifogging and self cleaning surfaces [1]. In nanodimensions,
it has been shown to be useful for the destruction of micro-
organisms such as bacteria and viruses, the inactivation of can-
cer cells, the control of odors, cosmetics, the fixation of nitrogen
and the clean up of oil spills [2–4]. It also bears a tremendous
hope in helping to ease the energy crises through effective uti-
lization of solar energy, based on photovoltaic and water split-
ting devices. As a photocatalyst, it is used for the decomposition
of various organic pollutants [5]. It has also been used in many
industrial areas, including environmental purification and
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Open access under CC BY-NC-ND license.pigments for plastic industries. It has a higher refractive index
than any other pigment and has good chemical stability. In view
of its tremendous applications in various sectors, this versatile
material has been extensively studied in the recent decade.
The morphology of nanomaterials has prominent effects on
the properties and applications of nanomaterials and therefore
developing safe methods to control morphology has been, and
still is, a challenge in nanotechnology. It has been reported that
the different methods for synthesis of titanium dioxide results
in products with different structures (amorphous, anatase
or rutile), crystallinity and contaminants [6–10]. Studies have
revealed that all reported methods involve multistep processes
and frequent use of harmful additives and organics. In addition,
the pathways suggested involve environmentally malignant
chemicals that are toxic and cannot be used for medical and
other applications.
Water is regarded as a benign solvent and is attractive
because it is inexpensive, environmentally safe and bestowed
with many virtues. In this report, we present a cost-effective,
biocompatible and reproducible approach for the preparation of
TiO2 nanoparticles at∼180 °C, without using organics/amines,
having well defined morphology. The pure water is used as a
solvent, as well as a source of oxygen during the synthesis.
To the best of our knowledge, the synthesis of nanoparticles
without organics, catalysts and toxic solvents has not been
reported so far in the literature. The prospects of the processes
are promising.
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2.1. Materials and synthesis
A teflon lined stainless steel chamber of 100ml capacity was
used for the synthesis. Titanium powder, AR grade (Ranbaxy,
>5 µm), was used as the precursor and approximately 4 mg of
Ti powder was added to 40 ml of de-ionized water in a glass
vial. The reaction mixture was sonicated for about 15 min and
transferred into a stainless steel Teflon lined metallic bomb. It
was sealed under normal conditions. The bombwas then placed
inside an oven, the mixture heated to 180 °C and maintained
at this temperature for 24 h. The oven was then allowed to
cool after the desired time and the resulting suspension was
centrifuged to retrieve the product, washed with DI water and
then finally air dried for a few hours.
2.2. Characterization of TiO2 nanoparticles
The phase structure andpurity of the prepared sampleswere
characterized by powder X-ray Diffraction (XRD), taken on a
Philips (X’Pert PRO PW-3710) diffractometer with 2θ ranging
from 10°–80°, using Cu Kα (λ = 0.15141 nm) radiation oper-
ated at 40 kV and 30 mA. The morphology of the products was
carried out using a Field Emission Scanning ElectronMicroscope
(FEI SEM, NNL 200, Japan), coupled with an energy dispersive
X-ray spectrometer (EDX, GENESIS). Transmission electron mi-
croscopy images were obtained on a high resolution transmis-
sion electronmicroscope HRTEM (JEOL JEM-2100F, Japan) at an
accelerating voltage of 200 kV to confirm themorphology of the
products.
3. Results and discussion
3.1. Morphological characterization
By the morphological investigations using FESEM, it was
observed that the grown products are nanoparticles with a well
defined morphology. Figure 1(a) and (b) show the low and
high magnification FESEM images of the, as prepared, sample
and confirm that the nanoparticles are grown in a very high
density. A closer examination of Figure 1 reveals a well defined
particle-like morphology, having a capsule shape with a size
in the range of 20–60 nms. The size and morphology was
further explored by TEM and is shown in Figure 2. It can be
seen that nanoparticles of TiO2 have a well defined shape with
weak agglomeration, though the problems of agglomeration are
common and expected in hydrothermal synthesis.
3.2. Phase identification
The XRD patterns of the as-prepared TiO2 nanoparticles are
shown in Figure 3. All the peaks can be perfectly indexed to
the stable rutile tetragonal phase of the TiO2 single crystal
structure (JCPDS 07-0442), with lattice constant a = 4.59 nm
and c = 2.96 nm, indicating the high purity and crystallinity
of the obtained product. The result is quite different from the
traditional sol–gel process in which only the amorphous phase
can be obtained from the precipitates derived by the sol gel
process before calcination; further higher temperature heat
treatment is normally required to induce crystallization [10].
The inset in Figure 3 demonstrates the typical EDX analysis of
the as-grown TiO2 nanoparticles. It is confirmed from the EDX
analysis that the grown nanoparticles are composed of titanium
and oxygen only.a
b
Figure 1: The typical (a) low and (b) high-resolution FESEM images of TiO2
nanoparticles obtained by the reaction of titaniummetal powder with water at
180 °C for 24 h.
Figure 2: The TEMmicrograph of TiO2 nanoparticles.
3.3. The formation of TiO2 nanoparticles
The formation of TiO2 nanoparticles on titanium foil in the
presence of water can be explained by chemical reactions. As
initially, titanium does not react with water molecules, but at
180 °C and under pressure in a Teflon-lined stainless chamber,
the titania reactedwithwater and formed a protective titanium
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Figure 4: A schematic illustration of the growth. (a) Ti particles and water vapour co-exists. (b) Layer of Ti(OH)2 formed on the particle surface and subsequent
decomposition to TiO2 .hydroxide (Ti(OH)2) layer with dissolved hydroxide ions onto
the surfaces of the titanium particles, as shown in Figure 4. As
the concentration of the Ti2+ and OH− ions exceeds a critical
value, the precipitation of TiO2 nuclei starts. The Ti(OH)2 can
be transformed into the TiO2 crystals via the simple chemical
reactions mentioned below:
Ti(OH)2
∆→ TiO2 + H2O.
According to thermodynamic calculations, we know that the
above reaction tends to occur most easily at a lower tempera-
ture. A similar study has been reported earlier, where evolution
of hydrogen has been documented [11]. The precipitates of
Ti(OH)2 are more soluble as compared to TiO2 precipitates;
therefore, the formed Ti(OH)2 precipitates tend to continu-
ously produce Ti2+ and OH− ions that form the TiO2 nuclei. The
formed TiO2 nuclei are the building blocks for formation of the
final products.
Due to the high temperature and pressure in the autoclave
under the hydrothermal condition, a completely different reac-
tion mechanism and formation sequence may be rationalized.
The steam is generated under high temperatures to produce a
hydrostatic pressure, which in turn has a profound effect on
the ultimate microstructure of the oxides thus prepared. This
autogenous hydrostatic pressure can be as high as 11 bars un-
der the hydrothermal temperature of 180 °C. Therefore, it can
be said that in this aqueous system in the sealed autoclave, the
temperature has a much higher impact reaction rate and mor-
phology, as well as the reactionmechanism. This crystallization
process would be governed by thermodynamics not kinetics;
therefore, the most stable rutile phase should be formed at lowhydrothermal temperatures. On the other hand, the metastable
anatase should be the favorable phase under higher hydrother-
mal temperatures.
4. Conclusions
TiO2 nanoparticles of diameters of 20–60 nms have been
prepared by a simple technique at 180 °C, without using
any harmful and toxic solvents. The single method is simple,
economic and environmentally benign, whichmakes it suitable
for various applications, including medicine. The approach is
extendable to other oxides.
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